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▼1 INTBODUCTION. 

not be rery readily understood by persons nnac* 
qnainted with the doctrine of this subject. 

It will appear then that, in the present 
instance, we have endeavoured to deliver, for the 
convenience of those who have made themselves 
acquainted with the nature and use of decimal 
fractions, and others, an immediate solution of 
those contingencies upon which Annuities and 
Assurances on lives, within the limits of Equal 
Ages, are usually granted; it will ihemtme be 
necessary to rennid the reader that, upon find*- 
ilig.llie: txalue of an Annuity. or of* an. -ass%ned 
Revevsion from these TaUes, which, are com* 
puted at'the rate of 31. per!cent. per ammm 
compound intcirest, and «for) the whole duration 
of life, with regard to an Annuity, aa contained 
in iTables' L to XXIIL,. the: payment: of IL is 
supposed to be made at the end of every year of 
its continuance; and with respedt to anAssu^ 
rance^ as contained. in Tables XiXIV. to XLVIII., 
that the sum assured is payable at the end of the 
year in wfaioh the eveiit entitling to it may happen 
or become fulfilled ; and that the Annual Pre- 
miums are payable at the beginnings of the year, 
and until the Annuity commences, or the Assu- 
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rasnee or reversionary sum becomeis dloe, unless 
otberw'ise.expressecl, but in every case for* the 
whole duirsition of the lives upon the continuance 
of which they may depend. 
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" Our knowledge of many things that interest 

us the most amounts only to probability; oav 

perisuasidn of the uniformity of the course of 

nature is only a high degree of it, and'almdst 

all Are judgments or decisions by Which our^ 

» 
conduct is regulated in the affairs of Hfe, are 

solutions more or less accurate of problems in 

• * 

" the doctrine of probabilities." - , / * ^' 

** Generally, in such cases, we 'are satisfied 
** with a preponderance of probability on onto 
'' side, without attempting to determine its exact 
** measure, or the proportiofh it bears to certainty. 
But where the receipt of a sum of money is 
uncertain, it is frequently of great- importance 
'* to 'determine the exact measure of the proba- 
bility that it will be received ; since the value 
of the su^ flependeiit upon the contingency, is 
*^ less than if its receipt were certain, in the exact 
" ratio of that pr6bability to certainty, and . the 
** whole property of an individual is often dis- 
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Ttti INTBO0U0TION« 

'* posed of according to estunates made iipe» 
'' this principle." Tables of mortality founded 
upon* actual observations for a series of years at 
different places bave been constructed, which 
enable us to determine with a considerable 
degree of accuracy the probabilities of the hap- 
pening of events affecting the future payment 
of given sums; a portion of the property of 
this country may be said to be contingent^ or 
dependii^ upon some given lives failing ai:cord- 
ing to a prescribed order of preced^icy, that is, 
reverting only at the decease of some given life 
or lives, provided they survive, or become ex- 
tinct during the existence of, some other given 
life ^ or lives; and numerous Offices have beea 
established, where, in consideration of the grant 
of immediate Annuities, the payment of Annuitiea 
or of given sums of money under such circumr 
stances, may be secured ; the values given in. 
this work, it must be obvious, therefore, are, ia 
our inquiries involving probabilities, among the 
most important of the numerical results, since 
they exhibit estimates regulated by the extent of 
the probabilities of the happening of human life, 
death, and survivorship, deducible only from 
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HMuk Tattles; whilst, i^ the other part of the 
work, the method of determining more partica- 
Mrly the probabilitiQs just alluded to is con- 
sidered. 

In the execution of the present work accuracy 
and perspicuity have been principaUy studied ; the 
examples herein given are the results of algebra* 
ical investigations^ and are delivered free from 
analytical operations; amongst the Tables, which 
form by far the most comprehensive collection of 
the values, either in single or annual payments, 
of reversionary sums and Annuities involving 
three lives yet off^ed to the public, other forms 
of yearly payments sire given than what would 
be oidinarily required, and of which no mention 
appears to have been yet made by writers upon 
these subjects, and one of which might often- 
times be found more convenient to adopt than 
another; and the values of Annuities for ever 
after the extinction of any given lives are intro- 
duced for the purpose of determining the values 
of perpetuities in reversion or reversionary free- 
hold estates of given yearly valines; and such 
Annuities might be exchanged by the several 



inruonvanBHJ 



Assurance Coospaniea fov the immedtttte Annai* 
ties or amraaLpremkuns stated in the Tables; 
upon the whole the aathor flatters himself that it 
will be found to contain information desirable iir 
our present want of Tables upon these subjects. 



We have bee^ fiimdshed by Mr. M oi^an, in 
his '^ Doctrine of Annuities and Assmranoes/' 
1821, with the following Table, which gives a* 
statement of the diseases of which parsons as- 
sured by the Equitable Society, of which he is 
the Actuary, have died, during the course of 20 
years, from 1800 to 182U all certified by gentle* 
men of the/ medical profession ; and which, ^- 
though it may not have an immediate connection 
with the doctrine of this subject, may not impro- 
perly be here ii^troduced ; whether the proportion 
one disorder bears to another, or the proportion 
or share of Mortality befalling the several periods 
of human life from the total number of deaths, 
amongst the member^ ^f the Societies which 
have been established tor granting Asi^urantes 
on lives, may be determined therefrom, I leave 
to be considered. 
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TABLE 

Sbowuig the Rate of Mortality among the Memben 
of the Eqnitable Society, from the Year 1768 to 
1825. 
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Age. 


Uring. 


Dying. 
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Dying. 


Age. 
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46 
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80 


76 
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17 


2766 


16 


47 
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31 


77 


642 


64 


18 


2740 


17 


48 


2002 


32 


78 


688 


64 


19 


2723 


18 


49 


1970 


83 


79 


634 


64 


20 


2706 


18 


60 


1937 


36 


80 


480 


54 


21 


2687 


18 


61 


1902 


37 


81 


426 


63 


22 


2669 


19 


62 


1866 


39 


82 


373 


62 


23 
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19 
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41 


83 


321 


60 


24 
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64 
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84 


271 


47 
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66 


1744 
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86 


224 


43 
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21 


66 
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43 


86 


181 


38 
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1669 


44 


87 


143 


32 


28 
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23 


68 


1616 


46 


88 


111 


26 


29 


2626 


24 


69 
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46 


89 


86 
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30 
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1624 


46 


90 


66 


16 


31 
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26 


61 
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46 


91 
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13 
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47 


92 


36 


11 
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69 


1082 


64 









tlV INTRaOUOTJON. 

The two preceding Tables, it must be admit- 
ted, afford some valuable information; in the last 
we have the law of mortality amongst persons 
who .have. . beep actually. ^ assured;' op persons 
whose lives have been accepted, or were con- 
sidered, at the time of their entrance upon the 
Society, fair lives for assurance ; and from which 
some Tables of Annuities, &c. upon one and two 
lives have been published, together with that 
Table, by Mr. Davies, since bis appointment • as 
Actuary to the Guardian Assurance Company. 
Another Table of this, kind ths^t claims Qur 
attention is one given by ffir. Milne, being Table 
2nd. of his scientific treatise upon these sub- 
jects, exhibiting the law of mortality at Carlisle; 
in the eleventh chapter of which work, that 
author has studied, to use bin own words, '^ to 
enablei the reader to ju^dge without much trouble, 
what confideppe the |C|^]CftislQ .Table is,, entitled 
to, as a just representation of. the law, of mor- 
tality at^ Carlisle; and i (as far as the returns to 
parliament under the population acts afford the' 
means,) throughout England." »/ 
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TAfiLE 



Showing die Probabilities of -tbeDnrhtioD Of Human 
Life among Males and Females,, separately taken, 
in the Kingdom of Streden; see Table 44tii of 
Dr. Price's TVeatise on Reversionary Payments, 
1813, or Tabl^ 11th of Mr. ^oi^;an's iWtise, 1831. 
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TABLE 

Showing the Probabilities of the Dnratioii of Hmnas 
Life among Males and Females, taken coUectiyely, 
in the Kingdom of Sweden ; see Dr. Price's 45&i 
Table, or Table 12th of Mr. Morgan's Treatise* 
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OF ANNUITIES ON LIVES, 



A LIFE ANNUITY continues during the existence 
of some afifittf^ed life or lives, and may be pay- 
able yearly, half-yearly, quarterly, momently, or 
at the end of any other given term less than a 
year; and its value will obviously depend upon 
the frequency of the conversion of the interest of 
mdney into principal ; although in the . foUowing 
Tables, which involve lives not subject to a law 
of mortality that produces equal decrements unto 
the extremity of human life, the payment of the 
Annuity, and the conversion of interest into 
principal, is considered to be made only at the 
expiration of every year, agreeable to the obser- 
vations given in the coui^se of the present work ; 
the payment of the Annuity may likewise be 
made bieiuiially, triehnic^Uy, &c«; for by taking 
the 2nd, 4th, 6tb, 8th, &c. terms of the series de- 
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noting the value of an Annuity upon a given life, 
as given in Table I., and multiplying each term 
by 2, we obtain the series denoting the value of 
a similar Annuity upon that life, the several 
payments whereof must be made biennially, the 
interest of money being convertible into prin- 
cipal annually. 

An Immediate Annuity is that which com* 
mences at the time the contract is entered into, 
and continues until the extinction of one or more 
of the given lives. 

A Reversionary Annuity commences upon 
the future of one or more of the given lives, and 
then continues until the extinction of one or 
more of the survivors. See Tables VII. VIII. 
IX. and X. 

A Reversionary! Perpetuity is not receivable 
mkiil the failure of one or more of the given lives, 
but continnes thenceforth for ever. 

• Annuities of the two latter kinds may be 
contingetit ; that is^ the payment of the Annuity 
may depend tipOn the given lives failing accord* 
ing to an ^sigfied order of survivorship. The 
three fbillowing cases may be given as exiintiples 
of this kind, tiss. an Annuity to commence at the 
death of 'C, and contifitie until the diebease of 
either of two livfes, A and B, should thfey -both 



ffiifftive C; an Annuity ^to '€0inmeEce tit^ the 
death of B, in case G isith^ extinct, and con- 
tinne daring the life of -A ;* an estate of a ^ven 
yeariy value, to be entered upon at the deeease 
6f A and B. should they fail the last of the 
diree li^es A, B and C; the claim to the re- 
rersion in- these cases being uncertain, or con* 
tingent. 

The most simf^ method of finding the value 
of an Annuity on any given life or on the joint 
continuance of any number of lives, is, to find 
the present value ofe^h year's i^nt by ired«»cing 
to ittunbers 4he several t^tns of ^hioh this series 
denofiiig 'th% yalne of »tiie AnntiiQr is compost, 
and add' ^ whole togetitor; but this is^a method 
so rerylabMious, that it can Itafdly evei^ with 
much propri^y -be practised, • unless in order ijo. 
con&m the cotfeibfoess 4tf a Table Shdwteg (iie 
value of atf Annuity on single lives or joint lives 
and obtraied'by another ffie&od of computation, 
by fandmgf in dus mann«, . the value of im 
Annuity on "die yomigest age,' or ages, in the 
Table, and for tiiat purfHwe it will readily ap^ 
pear that Ihe series may be mbo expressed diat 
the nuinerieal operation - may be considaably 
abridged. • 

b2 
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It will therefore be evident, that if an Aa- 
nuity of this kind be porchased at the prices 
given in TaUes 1. 11. and III. so much of the 
Annuity as shall be proportional to the time 
intervening between the failure of the single life 
or joint lives and the last preceding paiymep.!, 
will not be payable. But if it be at firet agreed 
that such fractional part of the Annuity be. 
recoverable, when due, to the heirs of the an- 
nuitant, it then becomes equal to an Annuity 
seCufed by land . . 



i) 



And if a series denoting the value of ^ai An- 
ni^ty upon. a given number of joint lives by con- 
sisting of the terms denoting the present worth 
of one pouad.to be received at the end of every 
yiear unto the utmost possible . extent of thehr 
joint Qontiuuance.be diyided into three parts; 
the first part com^aioang the . terms denoting the 
present; worth ofi one pound to be received at 
the end of the l^tf $tod» 3rd» and, 4th y^aps; tho 
second containing the , te^rpis.. djcnoting the pre* 
%ef^t ^orth of; one ppnnd to . be received at the 
end of th^ Sthy 6^h, 7th, and dth years ; and the 
third conts^iningc the. ^ei^ns. denoting th^ pre&ient 
worth of one pound; to be received ftt. the end 

* • * 

of the 9th, 10th, 11th, 12th, &c. yeans t«. tb^ 
utmost extent of human life ; the sum of the 
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fdurtermi^ in the first part will give the value 
of an Annuity for that number of years upon the 
^ven joint lives^ or the value of an immediate 
but imperfect, or temporary Annuity; and the 
second part will give the value of a remote aad 
imperfect, or deferred and temporary Annuity 
^pon those lives ; and in like manner the third 
or last part will give the value of a remote or 
deferred Annuity upon the same lives. 

The present value of any assigned year's rent 
or payment in this series will be the product of 
the probability that the given lives will jointly 
<:;oiitinue to the end of that year, and the quan- 
tity R"^* ; R denoting Oiie pound with its in- 
terest for a year^ and t the time * or number of 
years at the end of which the payment must be 
made; and will denote the value of the ex- 
pectation of the given joint lives receiving one 
pound at the end of that time. 

After this manner may. the value of an An- 
nuity upon any. number of joint lives be deter- 
mined; whether such; Annuity be granted for th^ 
whole term of life, or for any term deferred, tem- 
porary, or defeired and temporary. 

> 

And inth^ same manner may th^ Value of an 
Annuity upon the last survivor of any -^op^umber 




if IStmi th€se 




t» tli€ €sdi df every jcv i 
wbiell Hie Anmmtj wulj be rliiaii by tbe 
innii^c^ ^ Ae Aree fires, we mmj obteni 
taloe M ao Ammity vpcm the bel MiifM of 
tiioM If tes for any tern ilefened^ teMpotsry, or 
deferred and temporary. 

And the ralue of an Anniity ml the jonut 
continuance of the two last anrriron of three 
live^, ai will be her^aiker dwwn^.wilL be the 
•om of ilte ieriet deaodng^the ralaeaof Aiinmtaes 
npoft thoM livei, j^imly ; and from which, when 
rfidttctd to numberf, we may detttnune die 
value of an Annuity upon that cotitingency lor 
tho whole continuance of the given lives, or 
for any inmiediaite • or. . remote . part . of their 

iixlstenca. 
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Oth^r Amniities may is like mami^ir be di^ 
Tided into parts of gimilar denominatioiiB; for by 
reduci]^ to numbers the expeetationii upon the 
given lives, sq>arately and jointly, reiieiving one 
pound at the end of every year during the time 
the. Annuity is to continue, when extlracted from 
the«eries which, when.arranged with theilr proper 
signs, give the value of the Annuity for the 
whole duration of the given lives, we shall have 
tbe'^aUie of an Anaui^y upon the assigned con-^ 
ting^ncy for that period only ; and in this manner 
may the value of any reversionary Annuity, 
Giintingent or otherwise, either foi^ the whole 
continuance of the given lives^ or for a term 
defercedi tedlporary, or deferred and temporary, 
be determined. ' 

But the T&lue of any of thisse 'Annuities 
may likewise be determined by adding toge- 
ther the several total yearly Expectations there- 
upon, after reducing them to numbers, instead 
of dividing them into series denoting the values 
of Annuities upon the given single and joint 
Uvefs. 

It will occur to 'the reader that after the con- 
oise method hinted at in one 6f the foregoing 



9 OF ANNU1T1B8 OH L1TB8. 

pages for detenoiiiiBg the numerical rahie of 
the series denoting the raloe of -^an Annuity for 
the whole duration of any given Kfe or joint 
lives, we may determine llie numerical value 
of the series denoting the value of an Annuity, 
either temporary, deferred, or deferred and 
temporary, upon the same single life or joint 
lives. 

This observation is universal, and may be 
applied to the series composing the value of an 
Annuity either for the whole duration of life or 
for any given term, upon other conditions, on 
the same lives ; and likewise with considerable 
advantage in summing up the series involved in 
the investigation of an Assurance of a given sum 
upon a given number of lives, contingent or 
otherwise, either for the whole duration of the 
given lives or for any assigned period during 
which the contingency of receiving the given 
sum may be extended, when it is proposed to 
determine the numerical value of the Assurance 
1X1 this manner, 

But the value of a remote Annuity upon 
three or any greater number of joint lives, being 
the last part, as already stated, in a series de- 
noting the value of an Annuity for the whole 
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dnnHAcn of life^ifriK be the value 'of thitt j^tt 
thereof that remi^dns after th^ pbytn^ttti^ appeir^ 
taming to the time that must -exfifre before.th^ 
Amiuity can be entered upon, are taken off; and 
of iivhich part the first tenn will be the product 
of the probaHlity that such persotis will live to 
the end of the first year of the* term appointed 
for the continuance of the Annuity^ and th6 
quantity R^^'^^) ; R denoting one pound with 
its interest for a year, and t the number of years 
that nmst expire before the Annuity commences! 
therefore, in the case of a given number of lives, 
the value of such an Annuity will evidently be 
the value of an Annuity on the same joint lives,, 
d^erred until their ages equal the present age^ 
and the number of years tiiat must elapse before 
the Annuity commences ; and ^iU consequently 
be the product of tite probability, that the pe;^ 
sons will live till the Annuity commences, the 
present valu^ of one pound certain to be received 
at the end of the intermediate time, and die value 
of an Annuity on the joint lives of persons, asi 
many years older than the given lives as are. 
equal to the number of years during whieh the 
Annuity is deferred ; and this wi}l ' denote ; the 
value of the expectation of the given lives re-^ 
ceivipg at the end of a given tenn the sum whichi 



raloe be aAtnctod Aom tke valae of a ranote 
Annity npcm the ttvee jonit Mt es coM««cmg 

iKfow ftiwitid, liid coatiMdi^ to the ■jaost 
estoit of Immm life^ weelwU k«fe the ireine of 
mMte and . tuapmmr y A imwk} mpaa tibeir 
joint Kvee; aad the lemole Aannty leet nen* 
t ioi ied eobtweted .from thenfae of e» Amnntjr 
for the whaie tmm- of thnr jeiiit coaliwMiioe, 
wfiU give^the ifohifc of- die iiiiuiiinj Aafiiiitjr 
upon those Jheo joetiidfaided to. 

It wttl be OTidenl fioB» whet hM beoiralFettdy 
edtaaced, thet the pieMntiwoftb of one pound 
to be MceWed et the end of a gi^en nomber of 
yearBi proimied one at least, or Mro at least, of 
three lives be then tinas^;^ wHibe^e ptodubt of 
the probability Aat tiieloogtet^or the joint con- 
tinuance of the two katsttrrivoie, of tboke hrte, 
Mspeotively, iriUr last to^ tfao ted oftAe^giTen 



cf tiie ezpeotaticn/jof: thmA Uires twpwtiy^j 
receiTmg one pouudL atrtfae read oC .tbatr torn. 

The probahilifty (tf the Jiappenug of nn ev«nt 
flobtraicted from imity will give the fupobability 
of that event failmg or not hap|>«UQg, Mnce the 
sum x>f the (NRobabilities of an e^yent .happtawg 
^nd failing amounts to iuiM;yi.b9rjfrhtch. a cer- 
tainty is always denoted* 

The piphability tha^. « p^rpon^ of . a ^yen age 
will be aUre at the end of thOifiiBt year tb&t^ 
fi^mis denoted by a firaotia«i whoge denominator 
is the. number of persons, found to be UKiiig in 
the gifisn Table of. Qtoerrations: at the tge .of 
tiie given Ufe^ . and whose numtsniori is the 
number liying at an lage . one y^ar . older; and 
the probability 4hat he. will bsi ;altye,isrt ^be dndr 
of . the . seoond . year is denoted ; ,by ; i & ;finii:lioB 
whose 4finom|natoriift;Mie. iwmber. Ikymg at Jbhe 
age of the giren .tife, and whosej nunwraftor is 
the mmiber living lat- ian> sgei.two yeamelder; 
and the .probability thafa^he ynH be .^ve at Jhe 
end #£ithe thirds yesr ju9 .denoted;. byvai&kiOlioA 
whose denominator's the nmnfaer, Ibinc at' the 
age ofntfae giirMbJife,ij«drwluwctmiiBMi»lw'.» 
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the number ^vmg at ad ^ige dime yieara' older i; 
and BO on. Tkt^ first fraotimi ailbtracted firom 
unity 'Will give the pn^bibilitf tl|at be will not 
be living, but that he will be dead, at the end of 
the first yeart; and the i second firaction sub- 
tractied fMun unity will give the probability tfeat 
he will be dead at 't&e^ end of the second year; 
and the third* ftactifefa subtracted from unity wiH 
give the 'probability 4hat he will be dead at the 
end of the third year; and so on. 

And the probability that 'three persons of 
given ages will all be aHve at the end of the first 
year wiU, in like manner, be denoted by a frac- 
tion whose denmninator is the product of the 
numbeni of petBons living at ' the ages of the 
givtti lives, and whose numerator is the product 
of the numbers of persons living at ages each 
one year older ; and • the probability that they 
will all be alive at the end of the second year 
will be denoted by a fraclion whose d^iominator 
is the product of the numbers of persons living 
at the a^es of the given lives, and whose nu- 
merator is th.e product of the numbers of persons 
tivitig at ages each tWo years • older ; and the 
probability that they will all be^alive at the end 
orihe third year will be dienoted by a firaetion 
wliose denominator ii^ the product of the num. 



bers df jknoniR living at!ilbe'^age&'>6f ttiie igii^qil 
Mt^s, /^iiUl! :who6e> liumerdt^ ds the prbdiicA ^ 
the ntnabers of pdrsonsi livk% tkk ^kd «a^h' tbreb 
years oldidr; andsoion.^ The ^'firikt^ fraction sub^. 
tracti^d ilrdhivuiutjr ^ill^b'^eprobalftlitythiM 
they wiljiitiiot aU1)6lmi]gy'b|it:libat<oii6 or oth^l^ 
of them wHl beidead^ at the enii of the' &tdt 
ydat; and the 8edo]|d'fi'actio|i subtracted fre>ii^ 
unity 'will grv^th^ pr6babittty that one or^ otbc^ 
of them will bei d6ad>at)ttie eiid^oftbe seeoiid 
year ; and> the : tlmd i ffraftiiih i ! Mfttik^aoted > from^ 
unity will give the probability that one or other 
of them wiUibe dead at»<Ne^efid of the^'^ird 
year; and so op. ' '« '' • » -♦.>-«: 

And by a similar method of proceedings ^e! 
may find the' probability' of ilny nutnber of Hres 
continuing, or not cQiitinttingy togetber, one, two, 
three, or any number of yenrs; 



.) 



If the probabilities ol the happening of twdj 
three, or. any number of events that are inde^ 
pendent of each oth^r beHmultiplied together^' 
the product will be the probability that such 
two, three, or any numb» of events will all 
happen ; thus, if the probabilities that A and B, 
two of three proposed Itves^ A, B, and G, will 
be alive; atntfae end of anytgiv^ yeap be nliul-^' 
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tiplM by die piobdUlity duit C wiB Mt be 
theft li^iBg, we ahatt have the piobal^ky that 
AandBwUl holh be. alive at the end of that 
year and that C will not continiie. to the end of 
it;,and<if the probability thai A will be living 
at the end of any given tana .be midtipliad by 
tibe probability that B wiU not be then living, 
and also by the probdiility that C will not- be 
then living, we shall have the i^bability that A 
will be living at the end of that teim and that 
Band C will b^th die previona tbuetd. 

The total probability of the happening of «n 
anigned event, concerning or requiring the. cmi** 
tinoance of one or more of any givedi lives to 
the end of any given tima^tand^' as will hcaeaAer 
appear to be most commonly the case, involving 
the extinction of one or more of them previous 
thereto, may be known by finding the sum of 
the « compomid pvobabiitiM, thus determined, 
expressing the chances of happening or ways in 
which such ev^ifc may happen * onto the «c- 
tremity of, that is to^say, within th&limito of or 
during the given term. . 



Let the number of persons found to be living 
atthenge;of Anout/of. a given number »of per-^ 
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sons bom together^ *aiid eodiibited in the given 
Table of Observations, be denoted by a, and let 
a minus the namber of them who die daring one 
year be denoted by i, and let b minug the num* 
ber who diedurii^ tibie next year be denoted 
by c, Scc4 ; and let the number of ipersons found 
to be living at the age of B out ot the same 
number of persons bom together be denoted 
by p, and let p mMus the number of them who 
die during one year be denoted by 9, and :let 
q minus the number who die during the next 
year be denoted by r, &c.;^ and let the num* 
ber of persons found to be living at the age 
of C out of the same number of persons bora 
together ^, df^oted by A^ and let A minus 
tbe number of them who die during Que year 
be denoted by jB, and let S minus the number 
who die during the /uext year be denoted 

by C,.&c. . • : > • J* ; • 

EXAMPLE I^ 

'//Thess if an. Annuity. i. be granted upon the 
longest of three lives A, B, and C, that is, if it 
is to continue until the extinction, of the longest 
of the two last survivors of them, it is evident 
that the first payment of it ' will . beconte d«e.at 
the end:of one year, . ., : 



16 Off AllMinTfBS on LITIS* 

l8t If all the lives are in bang. 

Snd. If A and B are bo& living* and C be dead: 

Svd. If B and C are botil Vving, and A be dead. 

41b. IfA and Care both living, and B be dead: 

SHI. If A be living, and B and C be both dead. 

6tb. If B be living, and A and C be both dead. 

7tii. If C be living, and A and B be both dead. 

• Now if the fractions denoting the proba- 
bilities of the happening of these seven com- 
pound events be added together, we shall have 
the probability that one of lliem at least will be 
alive at the end of the first year ; and if this be 
nknltiplied by the present worth of one pound cer- 
tain to 'be received at the end of one year, we 
shafi have the first year's expectation, or the pre- 
sent Talue of one potmd to be Ireceived upon 
either all, any two,' or one, -of the * given lives 
continuing alive to the end of the first year. 

^ Alid if the probabilities' of these ^entsfor 
the second year be added together, we shall 
hilvethe probability that oneof them at least will 
be alke at the end of the second year; and if 
this be multiplied by the present worth of one 
pound certain to be received at the end of the 
secoell ^year, wtsshaU have the second t^yeat^ 
expectation, or the present value of bne^poiititf' 
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to be received if either all, any two, or one, of the 
given lives be living at the end of the second year. 

And in a similar manner may be found Che 
ei|>ectati(m of receiviog one pound at the end 
of the third, and every following year, to the 
utmost extremity of human life. 

Now if these yearly expectations be added to«- 
gather, we shall have seven perpendiculajr series, 
which being written separately with t^eir proper 
signs an,d continued to the. end of the Table, will 
be found to denote the values of Annuities on 
the givf^n single and joint lives, the siquxi of which« 
when multiplied by the given Annuity, will be 
the value of the Annuity required ; and of which 
that part that will.be proportional to the, time 
intervening between the faihire of the last sur- 
vivor of the three lives and the last preceding 
payment^ will not be payable. 

But the value of an Annuity upon the longest 
of diree lives must likewise be ci^nponnded of 
the values of<an Annuity upon the three join^ 
lives^.on the joint continuance of the two.las^ 
survivors only, of the three lives, that is, after 
the three joint lives, and on the life of thf 
last survivor, only, of the three live^, that i% 
9&tx ike estinctiDa of any two of them* 

c 
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The valoe of an Animity upon the Umgi^ oi 
thre^ lives of any* common age is found aim bj 
adding together the value of an Annuity on each 
singTe Iife» and subtracting from that sum iJie 
value of an Annuity on the joint continuance of 
the two last surrivors only, of the three livei, 
that is, after the three Joint lives, and twice the 
value of an Annuity upon the three joint lives. 

: Again, if from the sum of the values of 
Annuities upon the single lives we subtract twice 
thse value of an Annuity on the joint continuance 
of the two last survivors of the three lives, .and 
to the remainder add the value of an Annuity on 
the joint continuance of the two last survivors 
^anly, of the three lives, that is, after tbefHiree 
joint lives, we shall obtain the value of an 
Annuity upon the longest of the three lives. / 
But the value of an Annuity upon the longestt 
of three Ijve^ A, B and C, must evidently be the 
sum of the values of an Annuity on t^e three 
joib^ Ifv^^, on- the joint iivea o£ A* and B uftar 
the death of G, on the joint lives. of 3 and C 
after th@; de^tl^ of A, on the Joiijit liveb of^iA^sfd 
C after the death of B, on the life of Anftefv^he 
longest of Ihe two lives B and C, on the life of B 
alkei^ the l0ng^t of4be two l|y«s A andCy^vl on 
tb?^Ufe.^of: G after tbdl(»igest>of>tfa^ ii^(^«A 
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and B ; this will appear also by inspecting the 
fractions denoting the probabilities of the hap- 
pening of the aforesaid events. But this is an 
expression evidently reducible to one of the 
foregoing. 



EXAMPLE n. 

Jn the next place, let it be required to deter- 
mine the value of an Annuity on the joint con- 
tinuance of the two last survivors of three lives, 
A, B and (/ ; that is, of an Annuity that is to 
continue as long as any two of them continue to 
exist, or until two of them become extinct. 

In order to receive the Annuity at the end 
of the first year, one or other of four events must 
happen, viz. 

Ist. That A, B and C be then all living. 
Snd. That A be dead, and that B and C be 

both living. 
3rd. That B be dead, and that A and C be 

both living. 
4th. That C be dead, and that A and B be 

both living. 

Now if the fractions denoting the proba- 
bilities of the happening of these four Compound 
events be added together, we shall have the 

c 2 
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probability t&at tiy«i of i;tbmn ?ikt/ least #ilt Iw 
tj^en fili?6) that Ji^ the ptfdnbiltty that cilkar 
all or any tmo of >ikeni nviH- he Vmngj Tutiiia^ 
end of the first year ; and if tfafis be miihii^ed 
by the present worth of one pound certain to 
be received at the end of one year, we shall have 
the first year's expectation, or the present value 
of one pound to be receiml upon either all or 
.any twA of. tbot.fivm livtes, eontiiming alive to 
the-^ad of tifi^ fijrst.yiear. . 

. Ipilifce manner, if the rtotal pmbabilky for 
the sq«ond year i be mvAtipiied by ttie present 
Wjorth of one ppiind > certain to belreceiirod ^ 
the eqt}:fOf the. second y(ter^ ^lea sHidlirlnive the 
present value of 6ne. poand to be received if 
^itbfir all, ^or.any tw6, of ikhe given Uves. be 
living at the end of the second year. . 

And )n a similar manner may be found thd 
expectation of .receiving one pound at the end 
of the third, and every following year to the 
utmost extettt of huitian life. 

Now if these yearly expectations be added 
together, we .shall hare five perpendicular 
series, which» if continued to the end of the 
Table, will be found to denote the values of 
Annuities .upon the given lives, jointly; viz. 
upop. A 4^d B^ ?A and ! G, B 4nd C; and 
A, B and C; the sum of which will give 
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I 

devalue of an Annuity of one pound to continue 
until the failure of the joint continuance of the 
two last survivors of the three lives. 



EXAMPLE III. 

Again, let the value be required of an An- 
nuity on the longest of the two last survivors 
only, of three lives ; that is, after the three joint 
lives. 

The Annuity cannot be received at the end 
of the first year, unless one of the six following 
events should happen, viz. 
1st. That A be dead, and that B and C be 

both living. 
2nd. That B be dead, and that A aiid C be 

both living. 
3rd. That C be dead, and that A and B be 

both living. 
4th. That A and B be both dead, and that C be 

living. 
5th. That A and C be both dead, and that B be 

living. 
6tb. That B and C be both dead, and that A be 

living. ■ ' 



J Now if the fractions denoting the proba- 

e 
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bilities of the happening of these six compotmd 
events be added together, we shall have the 
probability that one or two only of the givtti 
lives will be dead, that is, the probability that 
only two or one of the given lives will continue 
in being to the end of the first year ; and if this 
be multiplied by the present worth of one pound 
certain to be received at the end of one year^ 
we shall have the value of the first year's rent, 
or the expectation of receiving one pound at the 
end of the first year. 

And in a similar manner may be found the 
expectation of receiving one pound at the end 
of the second, third, and every subsequent year 
to the utmost extent of human life. 

Now if these yeaiiy expectations be added 
together, we shall have six perpendicular series, 
the sum of which, if continued to' the end of the 
Table, will be the value of the Annuity 



Otherwise; the value of an Annuity to com- 
mence upon the extinction of three joint lives, 
A, B and C, and continue until the extinction of 
the two survivors, will evidently be the sum of 
the values of an Annuity on the joint lives of 
B mid C after the death of A, on the joint lives 
of A and G after the death of B, on the joint lives 
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of A.aad.B after the death af C, on the life of G 
after the longest of the two lives A atid B, on 
the life of B after the longest of the two lives 
A and C, and on the life of A after the longest 
of the two lives B and C. 

If the. probability that. A will be dead Ije 
multiplied into the probability of the conti- 
nuance of the longest of the two lives B and C, 
and the probability that B will be dead be mul- 
tiplied into the probability of the continuance of 
the longest of the two lives A and C, and. the 
probability that C will be dead be multiplied into, 
the probability of the continuance of the longest 
of the two lives A and B, we shall find that the 
sum of these probabilities, if the operation be 
con|;inued unto the extremity of human life, will 
form eighteen perpendicular series; the sum of 
which will be equal to the sum. of the values of 
an Annuity on the longest of the two lives A aiid 
B after the death of C, on the longest of the two 
lives A and C qfter the death of B, and on the 
longest of the two lives B and C after the death 
of A ; and will be found to exceed the value of an 
Araiuity on the longest of the two last survivors 
only, of the>ithree lives, that is» after the three 
joint lives, by the value of an Annuity on the 
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lifc of the last sorvivor only, of Km tiirecriives, 
tbot i8» after the exttnctioii of any two of theiftr: 



EXAMPLE IV. - 

And if an Annuity be granted on the USS of 
the last survivor only, of three lives A» B and C, 
that is, after the extinction of any two of theas; 
the payment of the Annuity at the end of the 
first year must be made, iU 
1st. A and B be both dead, and C bo living. 
2nd. If A and C be both dead, and B be living. 
3rd. If B und C be both dead^ and A be living. 

Now if the fracti<ms de^otii^ the> prtiba* 
btlities of the happening of these thre0«ompoundr 
events be added together, we shall have the prO'. 
bability that two of them will bo dead and that 
one will be living at the end of the first year^ 
this multiplied by the present worth of one 
pound certain to be received at the end of one 
year, will give the expectation upon one pound: 
payable at the end of the first year. 

And in a similar manner may be found the 
expectation of receiving -one pound at the end 
of the second^ third, and every subsequent: year 
to the utmost extent of human life. i < 
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.ss^tebifritfiefe y^a^S^ ^xp(sctltk>iil^'W added- 
togi0tlier,loi)KBr<'«lgdlf 4ate twelve ^]per]il^adk«nir'' 
series, the sum of which will be the value of the 
Annuity required. .. ^ •■■, 

But ctbis Aiittuity will evidently 1»e tl^^ iftim 
of the values oi an Annuity on the life of A'^ft^r 
the longest of the two lives B and C, on the life 
of.B after. l^e longest^ the two lives A aAd Op 
and. on the life of C after the lobgei^t of Ihe 
two Uves A^ and B; 



EXAMPLE V. 



In the next plaee^ let the value <>f an Annuity 
OB the life of A aftc^ the joint lives of B and CJ 
be required. : c 

• In this case, it is evident that the Annrnty^ 
wM become due at the end of the first' 
^lu*, if, 

M. A be living, and >B and C be both dead. 
Sbid; If A be liting, B be dead, and C be living:: 
Srd. If A be liviiig, C be dead, and B be livingl 

~ "Now if the iraetion» denoting the proBiP 
b^es of this happening of- these three conji^ 
pound events be add^ together ,~^ we shall IMv^ 



. K ^ « « U 



^' «. 
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the probability that A will be liying add that 
both or one only of the two Uvea B and C will 
be dead, at the end of the first year; this mol* 
tiplied by the present worth of one pound oer« 
tain to be received at the end of one year» will 
give the expectation npon one pound payaUe at 
the end of the first year. 

And in a similar manner may be found tbe 
expectation of receiving one pound at the and 
of the second, third, and every subsequent year 
to the utmost extent of human life. 

And if these yearly expectations be added 
together, we shall have two perpendicular series, 
the sum of which will be the value of the An* 
nuity required. 



EXAMPLE VI. 

Again, let it be requked to determine thff 
value of an Annuity on the longest of two Uves 
A and B after the death of C. 

It is evident that, in this case, the payment 
of the Annuity must be made at the end of the 
first year if one of the three following events 
should take place, viz. 

1st That A and B be both living, and that C 
be d^^d- 
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Slid. That A be livings that Q be dead, and that 
C be dead, 

• • • 

8rd. That B be Mvipg^ .t|flyat A be 4ead,.ai|d tiiat 
G be dead. . . 

Now if the fractions denoting the. prpba- 
bilities of the happening of these three com- 
pound events be added together, we shall bave 
the probability that both or one onljr of the two 
lives A add B will be living and that C will be 
dead, at the end. c^ the first year ;. this' multiplied 
by the present worth of ode pound certaip to 
be rec^ved at. the. end of one year, will give 
the expectation upon one pound payable at the 
end of the first year. 

And in a similar manner may be found the 
expectation of receiving one pound at the end 
of «the secbndy tiiird; and every subsequetttjyear 
to the utmost extent of hnman life, 

An^ if these yearly expectations be added 
together; wb sh&Il have six perpendicular s^ries^ 
the suiti of whiclk will be the value of the An- 
noity reqiM'ed. 

It apipears by inspecting the fractions de« 
notiQg Hke pr^babdlities of the hapfiefiing of the 
events ilpfon which the payment of the Annuity 
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the probability that A will be liying and that 
both or one only of the two Uvea B and C will 
be dead, at the end of the first year; this mul* 
tiplied by the present worth of one pound cer- 
tain to be received at the end of one yeiu*, will 
give the expectation npon one pound payable at 
the end of the first year. 

And in a similar manner may be found tbe 
expectation of receiving one pound at the end 
of the second, third, and every subsequent year 
to the utmost extent of human life. 

And if these yearly expectations be added 
together, we shall have two perpendicular series, 
the sum of which will be the value of the An- 
nuity required. 



EXAMPLE VI. 

Again, let it be requked to determine thf^ 
value of an Annuity on the longest of two Uvea 
A and B after the death of C. 

It is evident that, in this case,, the paynient 
of the Annuity must be made at the end of the 
first year if one of the three following events 
s^iould take place, viz. 

1st. That A and B be both living, and thf^>C 
be dead. 
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S&d. That A be ItTing^ that B be dead, and that 

C be dead, 
8rd. That B be Uvipg^ ;t|flyat A'be 4ead,. ai^i: thi0; 

G be dead. . 

Now if the fractions denotiiig the ; prQba* 
bilities of the happening of these three com* 
pound evetots be added together, we shall have 
the probability that both or one only of the two 
lives A ai|d B will be living anfd that C will be 
dead, at the end of the first year ;. this multiplied 
by the present worth of ode poiind certaip to 
be received at the. end of one year,, will give 
the expectation upon one pound payable at the 
end of the first year. 

And in a simjlar manner may be found the 
expectation of receiving one pound at the end 
of >the second, third; and every subsequettt'iyear 
to the utmost extent of human life. 

An^ if these yearly expectations be added 
together; wb sh&Il have bix perpendicular s^ries^ 
the suih of 'whiclk will be the value of the An- 
nmty required. 

It apipears by inspecting the 'fractions de« 
noting the pr^bafadUties of the.'happefiing of the 
events upon which the payment of the Annuity 





W^tfb Tttpttt to M IWCflSBMBiy AMUM^tf &lt^ 

p€tM$Bg upcftk aa amgscd wdci «f sapnronfcip 
Ukm% fhux between two Mmig mt d lives, B and 
C^ oat of the three Ihres, A, B and C, of sny 
r^pmmfm af^e; if the probohilitj that the two 
lirai^ BandC, wiUbedead be moltqriied into tiie 
(ffuttUm denotiiig the probability Aat out <^two 
gii^^n lif en, B and C, one of Aem in particida^, 
C, will finl the lint, and by the probability- df 
tlMT noniimianee of the life A, we ahall haTi$ ttfe 
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pirebaJbilky of the happening of the required 
^vent ; and if the operation be continued unto 
|h^ tttmost extent of human life, we shall find 
tha[t the value of an Annuity on the life of A 
yfter.the longest of two lives B and C, provided 
B dies last, will be the sum of four perpendicular 
series denoting the values of Annuities upon 
those lives multiplied into the fraction denoting 
the probability that, in the extinction of two 
lives of any common age, one of them in par* 
ticular shall die before the other. 



EXAMPLE VIII. 



It may be observed, in the next place, that if 
the probability of the joint continuance of the 
three lives A, B and C, the probability that A 
and B will be dead and that C will be living, the 
prfd>abittty that A and C will be dead and that 
B will be living, and the probability that B and 
C will be dead and that A will be living, be 
added together, and the sum be multiplied 
hy the preseiit worth of one pound certain to be 
received, we shall have the expectation requiring 
that all or that one only of them shall be living ; 
and from which, if the operation be continued, 
will arise thirteen perpendicular series, die sum 
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of which will give the falne of ao Amuuty to 
contiiiae until the extioctioii of the last survivor 
<if the three lives, but not to be payable whilst 
only two of them exist ; that is, to be d kcon- 
tinned dpring the tenn of the joint continuance 
of the two last survivors of the three lives, after 
the three joint lives. 



EXAMPLE IX. 

It will be sufficient to observe, with r^anl 
to Perpetuities, or Annuities for ever after the 
extinction of any given lives, that if the series 
denoting the present worth of one pound certain 
to be received at the end of 1, 2, S, 4, &c. years, 
ad injlmtmmf be written in a perpendicular form, 
and the several terms thereof he multiplied by 
the probability that the three lives A, B and G 
will all be dead at the end of the Ist^ 2nd, 3rd, 
4th, &c. years, respectively, we shall readily 
perceive that the value of an Annuity for ever 
after the extinction of the last survivor of three 
lives will be the sum of eight perpendicular 
series, seven of which will denote, the values of 
Annuities upon the given single and Joint lives. , 
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EXAMPLE X. 



. And m.a.siinilai: maimer we may d^tennioe 
the T«hie of :aii: Aiiiiutty for evcar aft^er th^ evr 
Jtinctiaa of .any one of three livesi; for if th^ 
pt-obability that they will all be living at the end 
of any assigned year be subtracted from unity, 
we shall, obtain the probability that they will 
not all be then living, but that one or other of 
them will be dead ; and which being multiplied 
by the present worth of one pound certain to 
le. then received, will give the value of the 
expectation thereupon for that year ; and by a 
similar process we may find the value of the 
^p^ctation. upon the Annuity for; every year, 
until at length we are carried beyond the utmort 
ejCtent of human life ; let us, however, continue 
to determine the present worth of one pound 
payable yearly, and we shall find that the talue 
of an Annuity for ever after three or any numr 
ber of. joint lives will be the sum of two per- 
pcsadiciilar series. 



EXAMPLE XI. 



. . Again^ if the probability of the Joiiit cour 
tinuance of the two last survivors of three liyea» 
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that is, the probability that either all or any two 
of them will be living, be subtracted from tmity, 
we shall have the probability of that event not 
happening ; and if this be multiplied by the cor- 
responding term of the series denoting the value 
of an Annuity for ever, and the operation be 
continued, we shall quickly discover that the 
value of an Annuity for ever after the joint con* 
tinuance of the two last survivors of three lives, 
that is, after the extinction of any two of them, 
will be the sum of six series, five of which wiU 
denote the values of Annuities upon those lives, 
jointly. 



But the value of an Annuity for ever after the 
longest of three lives, of any common* age, may 
be determined also in a manner so as to involve 
the values of an Annuity for ever after each 
single life, after each pair of joint lives, and 
after the three joint lives ; and the value of an 
Annuity for ever after the joint continuance i^ 
the two last survivors of three lives, of the same 
common age, may, in a similar manner, be de- 
termined by means of the values of an Annuity 
for ever after each pair of joint lives, and twice 
the value of an Annuity for ever after the three 
joint lives,' 
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\. • I 



I have just asserted that if the probability of 
the joint continuance of the two last survivors 
of three lives, that is, the probability that either 
aU or any two of three lives will be living be 
subtracted from unity, we shall have the prot 
bability tof that event failing or not happening ; 
that ia,.the probability of the failing of the joint 
continuance of the two last survivors of the 
three, liv^es; th^ iis, the probability that there 
will. not be two iof them living ; that is, the pro- 
bability that: two or all of them will be dead; 
JMow mtc6 the probability that just two of them 
will be dead signifies the probability that any 
two will be dead and that the other will be 
living; it fe^ow^tbat^^e stim ^f the four cofur 
ppund ' fractions denoting the probabilities that 
A «ndiB will b« d6^ ahd^hat C will be lining, 
tkl9tfA and (^Mtill be dead and th^ B will be 

• • 

Im&g, ctfanl; B eiiid C will be dead and thaii A 
wis he Uvtbg^ and that A, B and C will all be 
<feady wiU demote or be equal to the difference 
betw^^efei: unity and the probability of the joint 
continuance of the two liatst survivors of the 
three Jiv0s^ and M^hence again may be. deduced 
the value of an Annuity for ever after the joint 
contiiiii^iaice.of ^he two la^t survivors of three 
Uvea. \ i , •. '-"'''''* •'•'•' 

D 



34 Of AKNVITIBS OK LITS9. 



EXAMPLE XII. 

Therefoiie, as a fortber: ittastratien of the 
method of detefminii^ the value of an Anmnty 
for ereir M^^ the extinction of any* givea liree, it 
tnay beohaenred that, in the caae of thvee- joint 
lives, the Annuity may be receiyed, 
1st. If A be dead, and B and C be both Irring. 
find. If^B be dfead* and A atid G hi both livings, 
aifd. lf«C be dead, and A and B be both living. 
4th. If A and B be both dead, loid C be living. 
6th« If A^nd G be berth dead, and B be living. 
(Mh. If B and G be both dead, and A be living* 
7lh« If A, B and G be all dead. 

]N6wif the ^i^ob Abilities of the ha|»penitig of 
ttifel^ events for every year df'humaii' Ike be 
^ded tx>getber$ vre shall fihd Ae site of theiil 
tei slgrei^ with the restilt of the method etf pM^ 
ceeding already laid down in the case ef three 
joint lives, by means of one compound • evtot 
only ; 'that is, by subtracting from unity the f>w* 
bability that the given lives vrill all be living. 

« • • • • 

Whenee the probability that three Uv^^ will 
not all be living, but that one or other of them 



will be deftdi ^t.the /^nd of $^/ giT^^. Hff»ii 
evidently signifies the probability that either one, 
any two, or all, of those lives will be dead, at 

TIm$ i]^lKtbil}t7:,tl|at tteee Un^^ wHl i»Pt f*)i 

be dead, bat that one ov other <of t))#m 'mU' ^ 
liiKng, ;ikt.4hoien()< ^twAf&vm iteppa, opithi^ ftther 

band, banjag:, been a^ady .sh»^n> jMit ^^smfv %hfi 
prpbabilil]^ that «ither all, > aby two,, or ow^ :olS 
fh4»in wtUbff U:ving, at the ^d of the givpntc^w. 

la <w4er to facilitate, tjie metlH>4 of : deter- 
mioii^ jthe yalM^.of aia^ Annuity for evte aft^r th^ 
pf^^ct^i^ Af aoQr pi^m lives, itwijH be neceasacy 
to observe thal^ the total iVBj[ae!oiti8Uni(S):ol<ti^ 
series denoting the value of an Annuity for ever 
fWy }b«H^l^/9imply. df*ennin#fli in die .foUo4Fing 
Pimnn^r;. if R. b^.t^k^n t^^i^ote one pound 
nvpth ii$9< iAt^#9tfar d. y^aar, tbdi .^witt the ¥aki& of 

89; .Afflwlfyi for eirflr be d^iiateKU by the seiie^ 

1.1 J 1 .11 .11 



:»^-^ -U 'i ' \ < ^ ^5 »^ \j -fecr = S; 



R R^ ; R' R* R' ; K 

wJb^MX^y !by/n^titii(lyiBg:ilJ|i)eietyuatKA by R, w:e 

have ^^^+"5^^^^^ t &c.5:SR; 

and by substituting in this equafion in lieu of 

d2 
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responding valae, S; we have 1 -h S = S R ; 

1 



whence S = 



R— 1 



Therefore the value of an Annuity for ever 
may be found by dividing uiuty by the interest 
of one pound for one year. 

And by a similar method of proceeding we 
may determine the value of an Annuity for ever 
after a given number of years; and of an Annuity 
certain for a given number of years, whether that 
period be temporary, or deferred and tempo- 
rary ; and by which means we shall be enabled 
to determine the values of several of the rever* 
sions that will be mentioned before we enter 
upon the calcuhrtion of the Tables. 

For if the value of an Annuity certain for 
six years be required ; then will the sum of the 
'first six terms of the foregoing series denote the 
value of the Annmty, anld be thus represented'; 

R ^R^ R* R* R^^R^"^®' 
this, equation, multiplied by R, will become 

but from the first 
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and from the second 

xi ri It It rt 

consequently S — —^ = S R — 1 ; 

R 

whence S R — S == 1 — 

1 



R*' 



,„ R* 

and S = tt i • 

. And the value of this temporary Annuity 
certain subtracted from the total value of the 
Annuity to continue for ever will give the value 
of a deferred Annuity certain to commence at 
the end of six years and continue for ever, or the 
value of a perpetuity deferred six years = (P)^; 

that is, TT J — t> I " = (P) ; whence 



R" 



(P)** may be found to be equal to p , • 

And the value of an Annuity certain to com- 
mence at the end of six years and continue six 
years will be denoted by the series 

^ T^8 ^ T|9 ^ T»IO^ T»U^ T»13 "^1 



R^ T>8 U^ U^® "P^l "P^ 

It It It rt rt 

this equation, when multiplied by R, will become 
J_+ JL-+ J_+ JL.+-L.+ J_ - c R . 



R'' R' R** R" R*" R' 



iAA*> 




T-«"ff^ 



77I1 
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TABLE I. 

Shfomnag Ihe pmattd Yalue of Oato Pound to b# w- 
oeemi at ihe fiid of any Number of Years not 
exceedine 100. 



Ye^iK 


Value,, 


YCM*. 


Value. 


Yean. 


Value, . 


1 , 


. 97087^ 


86 


.35538a 


69 


. 190096 


2 , 


. ^2599 


86 


.345032 


70 


. 126297 


9 . 


. 015142 


87 


. 334983 


71 


. 122619 


<i 


.8884^9 


98. 


,325226 


72 


.119047 


« 1 


.862609 


9» 


. 315754 


73 


. 115580 


« M 


. 887484 


40 


.306557 


74 


. 112214 


7 


.813092 


41 


. 297628 


75 


.108945 


8 


.7894(^9 


42 


.288959 


76 


. 105772 


* 


.766417 


48 


.280543 


77 


.102691 ! 


19 


.744094 


44 


. 272372 


78 


.099700 ; 


U , 


. . 7224^1 


46 


.2644^ 


79 . 


.096796 ' 


W 


. 301380 


4j3 


. 266737 


80 


. 093977 


18 . 


..^095tL 


47 


.24925(9 


^1 


.091240 ' 


H : 


.1361118 


48 . 


.241999 


.82 . 


. 08856^ 


16 


.641862 


48 


. 234959 


83 , 


.086002 




: .. 6$S3167 


60 


. 228107 


84 


.083497 ' 


17 i 


.006016 


61 


. 221463 


85 


.081065 


W , 


.587396 


62 


. 216013 


86 


.078704 


19 


,570286 


63 


. 208750 


87 


.076412 ! 


«0 ] 


...^8676 


i64 


. 202670 


88 


.074186 


2* 


.537549 


66 


.196767 


89 


.072026 


82 ; 


. 5^1893 


66 


. 191036 


90 


.069928 


«3 


.506692 


67 


. .186472 


,ai 


. 067891 


94 ] 


...491934. 


68 

• 


. 180070 


92 


. 065914 


$t5 


.477606. 


69 


. 174825 


93 


.063994 


90 


.46369^ 


60 


.169733 


94 


.062130 


m ' 


.450189 


|61 


. 1647^9 


95 


. 0609120 


28 


. 437017 


62 


.159990 


96 


.058563 


^ 


. 424346 


63 


. 155330 


97 


. 056858 


SO 1 


. 411987 


«64 


.150806 


98 


. 055202 


ai 


. 399987 


65 


. 146413 


99 


. 053594 


a^ 


. 388337 . 


66 


. 142149 


100 


.052033 


33 


.377026 
.366045 


m 


.^38009 




• 


34 


68 


. 133989 







40 



TABLB8 AT COMPOUND IMTBRR9T. 



TABLE IL 

allowing the Sam to wUch Que PMnd wiH iacmwe 
wImd impiOTed at Coiepoand Inteiest dmug any 
Number of Yean not exceeding 100. 



Yctfi. 


Value. 


Yem. 


Value. 


Yem. 


Valoe. 


1 


1.030000 


35 


2.818862 


60 


7.687206 


9 


1.060900 


36 


2.898278 


70 


7.017822 


8 


1 . 092727 


37 


2.965227 


71 


8.155867 


4 


1.125509 


38 


3 . 074788 


72 


8.400017 


6 


1.159274 


30 


3.167027 


78 


8 . 652018 


6 


1.194052 


40 


3.262086 


74 


8 . 011578 


7 


1^229874 


41 


3.859899 


75 


0.178026 


8 


1.266770 


42 


8.460696 


76 


0.454208 





1 . 804773 


43 


3.564517 


77 


0.737022 


10 


1.348916 


44 


8 . 671452 


78 


10.030060 


11 


1.384234 


45 


3 . 781596 


70 


10.830062 


12 


1 . 425761 


46 


3.696041 


80 


10.640801 


13 


1.468534 


47 


4 . 011895 


81 


10 . 060117 


14 


1 . 512590 


48 


4.182252 


82 


11.288021 


15 


1.557967 


49 


4.256210 


88 


11 . 627588 


16 


1.604706 


50 


4.383906 


84 


11 . 076416 


17 


1 . 652848 


51 


4 . 515428 


85 


12.835700 


18 


1 . 702433 


52 


4.650886 


86 


12 . 705780 


10 


1.753506 


53 


4 . 790412 


87 


18 : 086053 


20 1 . 806111 


54 


4.984125 


88 


13.470562 


21 


1 . 860295 


55 


5 . 082140 


89 


18 . 883049 


22 


1 . 916103 


66 


5 . 284618 


90 


14.300467 


23 


1.073587 


57 


5.391651 


91 


14.720481 


24 


2 . 032794 


58 


5.553401 


92 


15.171366 


25 


2.093778 


59 


5.720008 


98 


15 . 626507 


26 


2.156591 


60 


5 . 891608 


04 


16.005302 


27 


2 . 221289 


61 


6 .068351 


05 


16 . 578161 


28 


2.287928 


62 


6.250402 


06 


17 . 075506 


29 


2.356560 


63 


6 . 437914 


07 


17 . 587771 


30 


2 . 427262 


64 


6 . 681051 


08 


18 . 115404 


31 


2 . 500080 


65 


6 . 829988 


00 


18 . 658866 


32 


2 .575083 


ee 


7 . 034882 


100 


10.218632 


33 


2 . 652335 


67 


7.245920 






34 


2 . 731905 


68 


7.463307 


• 
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TABLE III. 

Showing the jwesent Value of an Annuity of One Pound 
for any Number of Years not exceeding 100. 



Yeart. 


Value. 


Years. 


Value. 


Years. 


Value. 


1 


.970874 


36 


21 . 487220 


69 


28 . 997124 


8 


1 . 913470 


33 


21 . 832262 


70 


29.123421 


3 


2.828611 


87 


22 . 167236 


71 


29 . 246040 


4 


3.717098 


38 


22.492462 


72 


29 . 365087 


5 


4.679707 


89 


22-. 808216 


73 


29 . 480667 


6 


5 . 417191 


40 


23 . 114772 


74 


29 . 592881 


7 


6 . 280283 


41 


23.412400 


76 


29 . 701826 


8 


7 . 019692 


42 


28.701369 


76 


29 . 807698 


9 


7.786109 


48 


23 . 981902 


77 


29.910290 


10 


8.680208 


44 


24 . 254274 


78 


30.009990 


11 


9.262624 


46 


24 . 618718 


79 


30 . 106786 


12 


9.964004 


46 


24 . 776449 


80 


30 . 200768 


13 


10.684966 


47 


26 . 024708 


81 


30 . 292008 


14 


11.29d078 


48 


26 . 266707 


82 


80 . 380586 


15 


11 . 937936 


49 


26 . 501667 


83 


30 . 466588 


16 


12.661102 


60 


26 . 729764 


84 


30 . 650086 


17 


13.166118 


61 


25 . 961227 


86 


30.631161 


18 


13 . 763613 


62 


26 . 166240 


86 


80 . 709866 


19 


14.323799 


63 


26 . 374990 


87 


30 . 786267 


20 


14 . 877476 


64 


26 . 677660 


88 


30 . 860454 


21 


15 . 416024 


66 


26 . 774428 


89 


30 . 932479 


22 


15 . 936917 


66 


26.966464 


90 


31 . 002407 


23 


16.448608 


67 


27 . 160936 


91 


81 . 070298 


24 


16 . 936642 


68 


27 . 331006 


92 


81 . 136212 


26 


17 . 418148 


69 


27 . 606881 


93 


31 . 200206 


26 


17 . 876842 


60 


27 . 676664 


94 


31 . 262336 


27 


18 . 827081 


61 


27 . 840368 


96 


31 . 822656 


28 


18 . 764108 


62 


28 . 000348 


96 


81 . 881219 


29 


19.188466 


63 


28 . 166678 


97 


31 . 438077 


30 


19.600441 


64 


28 . 806478 


98 


81 . 493279 


31 


20 . 000428 


66 


28 . 452891 


99 


81 . 646872 


82 


20 . 388766 


66 


28 . 695040 


100 


31 . 698906 


33 
'34 


20 . 766792 

21 . 131837 


67 
68 


28.733049 

28 . 867038 






Perp. 


33 . 333338 



